A microfiber loop resonator (MLR) is fabricated by coiling a microfiber which is fabricated using a flame heating technique, into itself. A temperature response on a comb spectrum of a fabricated MLR, which is embedded in a low refractive index polymer, is investigated. The spacing of the transmission comb spectrum of the MLR is observed to be unchanged with the temperature. However, the extinction ratio of the spectrum is observed to be linearly decreased with the temperature. The slope of the extinction ratio reduction against temperature was about 0.043dB/°C. The dependence of the extinction ratio on temperature is due to the change in the material's refractive index.
Optical micro-ring resonators have attracted considerable attention owing to their simple structure, compact size, and many applications in communication, optical signal processing and optical devices [1]- [2] . Planar waveguide microring resonators have been well developed, but suffer from larger connection-losses with fibers and higher cost. Recently, research on low-loss microfibers has opened up new opportunities for developing micro-photonic devices such as resonators [3] , couplers [4] , and sensors [5] . As one of the basic functional elements, microfiber resonators, in forms of loops, knots, or coils, have shown high intrinsic optical quality and have exhibited promising applications such as filters and lasers [6] . Fiber-optic sensors have found increasing applications in different technological fields. Various types of fiber sensors have been proposed and demonstrated . Microfiberbased sensors are amongst the simplest of such devices, as they do not require expensive and complex fabrication procedures. In contrast, fiber Bragg grating sensors, for example, require expensive phase-masks. Recently, strain, high temperature and refractive index sensing using tapered microstructured optical fiber have been reported [10] [11] [12] . However, the authors used tapered micro-structured fiber which is expensive and difficult to work with in term of getting low loss splicing with standard optical fiber. In this paper, a temperature sensor is demonstrated using a microfiber loop resonator (MLR), which is fabricated using a microfiber with a few micrometers in diameter. The microfiber is fabricated by heating and stretching a piece of standard silica single-mode fiber (SMF), after the polymer protective cladding has been removed. The MLR is formed by coiling the microfiber onto itself and the device is embedded in a low refractive index material for robustness. The proposed temperature sensor device has a low loss splicing with a standard SMF.
EXPERIMENT
A tapered fiber is fabricated using an experimental set-up shown in Figure 1 . A coating removed standard SMF was held by two fiber holders which were fixed on two translation stages. One stage is fixed and another stage is a motorized stage that can be moved in one dimensional direction and the speed of the motor can be controlled. The fiber ends were connected to an amplified spontaneous emission (ASE) source and an optical spectrum analyzer (OSA). The tapered fiber was fabricated by heating the fiber to its softening temperature, and then pulling the ends apart to reduce the fiber's diameter down to a around 1-3 µm. A high temperature and stable micro-burner fueled by clean butane gas is used in the tapering. Mounted on the movable stand, the micro-burner can be swung vertically to flame brush the tapered fiber. The flame should be clean and the burning gas flow should be controlled carefully so that the air convection does not break the fiber during the drawing process. During the tapering process, we monitored both the inter-modal interference and the insertion loss of the fiber using the ASE source in conjunction with the OSA. The flame is applied to the fiber in an optimized angle to make sure the heat distribution is homogeneous. The MLR is fabricated by coiling the microfiber onto itself using two surface attractions, Van der Waals force and electrostatic force, which kept the loop stable since the forces overcame the elastic force to make the fiber straight. The fabricated MLR is laid on an earlier prepared glass plate with a thin and flat layer of low refractive index material to address the temporal stability of the device as shown in Figure 2 . A bare MLR may be exposed to dust and moisture that can cause temporal loss instability to the device. The thickness of the low refractive index material is approximately 0.5 mm which is thick enough to prevent leakage of optical power from the microfiber to the glass plate. Some uncured resin is also applied on surrounding the MLR before it is sandwiched by another glass plate with the same low refractive index resin layer from the top. It is essentially important to ensure that minimum air bubbles and impurity are trapped around the fiber area between the two plates. This is to prevent refractive index non-uniformity in the surrounding of microfiber that may introduce loss to the system. The uncured resin is solidified by the UV light exposure for 3~7 minutes and the optical properties of the MLR are stabilized. The packaged MLR is located in an oven with temperature control to investigate how the comb spectrum changes with the temperature. 
RESULT AND DISCUSSION
A MLR has a comb transmission spectrum similar to that of a Fabry-Perot filter. The resonant wavelength must satisfy λ m = 2πRn eff /m, where R is the radius of the ring, n eff is the effective index of the ring, m is the resonant mode number. The resonant frequency spacing, i.e. Free Spectral Range (FSR), is given by [13] ; (1) where c is the velocity of light in vacuum. The quality factor of a ring resonator can be expressed as (2) where Δλ FWHM is the 3 dB bandwidth of the resonant peak. The lower the coupling coefficient between the ring and straight waveguide, the higher the Q is. If the radius and the coupling coefficient of the ring are chose properly, the desired resonant frequency spacing and bandwidth of the resonant peak can be obtained. The coupling coefficient depends on the overlapping area, effective refractive index and the diameter of tapered fiber. The measured comb transmission spectrum of the MLR is shown in Figure 3 , which was obtained by using the ASE source in conjunction with OSA. The resonant response of the MLR is obvious. The extinction ratio is about 4.0 dB, and the FSR is 0.08 nm. The actual radius of MLR is around 3 mm. The temperature response of the packaged MLR is then investigated. Figure 4 shows the transmission spectrum of another packaged MLR at various temperatures. As shown in this figure, the spacing of the transmission comb spectrum is unchanged with the temperature. However, we observed a linear dependence of the extinction ratio of the MLR on temperature; higher temperature MLRs had a smaller extinction ratio. Figure 5 shows an extinction ratio against the temperature. As seen, the slope of the extinction ratio reduction against temperature was about 0.043 dB/°C. The dependence of the extinction ratio on temperature is due to the change in the material's refractive index, which increase the loss at higher temperature and thus reduces the coupling coefficient of the loop. This affects the quality of the resonator, which in turn reduces the extinction ratio. In the proposed sensor, the optical path length is not much changed with the temperature and therefore, the comb spacing is unchanged as shown in Figure 4 . 
CONCLUSION
A MLR has been fabricated and packaged to investigate the temperature response on the transmission spectrum of the device for sensor application. A flame heating method has been used to fabricate microfiber, which is then coiled to form a loop resonator device. The device is embedded into low refractive index polymer for robustness. The spacing of the transmission comb spectrum of the MLR is observed to be unchanged with the temperature. However, the extinction ratio of the spectrum is observed to be linearly decreased with the temperature. The slope of the extinction ratio reduction against temperature was about 0.043 dB/°C. The dependence of the extinction ratio on temperature is due to the change in the material's refractive index.
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